Magnetic relaxation of solvent protons by Cu2+- and VO2+-substituted transferrin: theoretical analysis and biochemical implications.
Measurements of the magnetic field dependence of the longitudinal nuclear magnetic relaxation rates of solvent protons (NMRD profiles) in solutions of paramagnetic proteins have contributed significantly to the elucidation of the physical biochemistry of a number of metalloprotein systems. In many cases, NMRD profiles were used as indicators of chemical state, both static and dynamic [cf. Brewer, C. F., Brown, R. D., III, & Koenig, S. H. (1983) J. Biomol. Struct. Dyn. 1, 961-997], in part because a proper theoretical description of the data, with realistic assumptions for a model system, was computationally intractable. This has been particularly true for Cu2+-protein complexes, attributable in part to the S = 1/2 ground-state configuration of the Cu2+ ions; significant progress in interpreting such data has been made only recently [Bertini, I., Briganti, F., Luchinat, C., Mancini, M., & Spina, G. (1985) J. Magn. Reson. 63, 41-55]. We report NMRD profiles for solutions of Cu2+ - and VO2+-substituted human transferrin, both S = 1/2 ions, as well as computations that include the effects of the anisotropic hyperfine interactions of the paramagnetic ions with their respective nuclei. The description of the data that results from these computations is quite good, sufficiently so that one can say with confidence that the protons that contribute to the relaxation are rather distant (approximately 3.5 A) from the ions and in rapid exchange (approximately 10(8) s-1) with solvent. A possible view, consistent with what is known of the biochemistry of these substituted transferrins, is that relaxation occurs in the second coordination sphere: the exchanging entity is a water molecule hydrogen bonded to a donor atom of the metal ion complex.